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Uranium Isotopic Reference
Material SRM 071

Nuclide Mixtures — Create the SRM mixture

Decay Engine — Nuclide composition today (or
any other date)

Decay Engine — Activity at creation time and
today or any other date

Dosimetry & Shielding — dose rate, gamma lines
at creation time and today

GSG - Gamma spectra at creation time and
today

Cambio File Converter to compare




Uranium Isotopic Reference
Material SRM 071

On 1. July 1977 200 g of natural uranium
sample chemically separated and has been
prepared as SRM 071

Create the SRM 071 mixture in Nucleonica
Show the nuclide composition today

Compute the activity at the creation time and
today.




* Application Centre

* Mass Activity Calculator

» New: Mass Activity Converter

» Decay Engine

» New: Decay Engine++

» Dosimetry & Shielding

» Range & Stopping Power

» webKORIGEN

» Decay Engine for Large Muclide Sets
» Universal Muclide Chart

» Transport & Packaging

¥ New: e-Ship: radiological transport assistant
» Muclide mixtures ——
» Mucleonica Scripting

» Gamma Spectrum Generator

» Gamma Spectrum Generator Pro

¥ Virtual Cloud Chamber

¥» Cambio file Converter

» WESPA

» New: WESPAZ

» Gamma Library

» webGraph

* Data Centre

» Physical Constants

» Muclide Explorer

» Muclide Datasheets (Reference Data, Derived Data, Cross Sections, Radiations)

» Muclide Search / Radiation Search

Getting started

NUC"dE Mixtures Reference manual

My Mistures I E dit I Upload | Sample Mixtures |

MName
SREM 071 U isotopes separated 1. July 1977

Description;

P00 g natural uranium (U234, U235, UU238) with isotopes fractions coresponding to the

4 I | r

(add a new Muclide)

92U 234 2443e+6 0.01062 2.732e+19 5310e-5 5400e-5 04860 '[fm

92U235 1.138e+5 1.423 3.645e+21 T114e-3  7.204e-3 002264 T]ﬁ]'

920238 2469e+5 1986 5.023e+23 0.9928 0.9927 0.4913 it
A 5 O 200D SO0 eI s il s ol
Element Mass CQuantity Unit

| |Z|| E||1 ||Gram v| Update
Save Mixture |w | Cancel

Significant figures: ﬂ

Clickon Total...

to rescale th




by Mistures

r"'f Nucleonica - Muclide mixtures - Windows Internet Explorer,

=3

Nuclide Mixtures

Edit Upload Sample Mistures

R (S (] N

Reference manual

;—.: L |@, Wi, NUCleonica, com V| +2|| % |;f | FElh
File Edit ‘Wiews Favorites  Tools  Help
i Favorites I@Nuclennica—Nuclide mixtures & - B =1 @3 * Page - Safety = Tools - 'Q'v
Applications Crata Knowledge My Preferences Print ¢} Metworking <0 Muclesr Science @ Help <0 New Browser ad
“erzion: I012.06.28 08:29:56
Getting started

Ce-1441Pr-144

Ce137rBal3im

Fuel element with enriched uranium and ZrH1.6. Total mass i=s 100 .
Fukushima spectrum

HELW, highly enriched uranium
1131_Cs137_mixture

Matural Thorium

Matural Uranium

Rb-81/kr-81m Generator

Reactor Grade Fu Sample

Sr-904%-30

SEM 071 U isotopes separated 1. July 1977
Transuranics in 1 ton Spent Fuel

UZ232+Coh0

Send to My Mixtures

02.04.2012,14:06:35
02.04.2012,14:07:29
26.06.2012,13:58:595
22.05.2012, 16:35:01
06.05.2011,13:32:54
14.03.2011, 16:22:45
10.03.2010, 133626
08.04.2010, 155006
06.01.2011,17:02:59
10.05.2011, 133312
29.03.2012,14:91:09
28.06.2012, 151914
10.03.2010,14:31:18
10.03.2010,13:50:08

gess8sa88 88 8 8 8 8 8

|
I|<|
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Nuclide Mixtures

b Mistures Edit Upload Sample bistures

Getting started
Reference manual

User defined nuclide mixtures

(create, upload a new Mixture)

Natural Potassium

Zircaloy-4

Zirconium hydride ZrH1.6

Element Mg

K and its isotopes

SRM 071 U isotopes separated 1. July 1977
Fuel element with enriched uranium and ZrH1.6. Total mass is 100 g.
Fukushima spectrum

Cs137/1Ba13Tm

Ce144/ Pr144

Sr-90/Y-90

Reactor Grade Pu Sample

HEU, highly enriched uranium
1131_Cs137_mixture

Rb-81/Kr-81m Generator

Natural Uranium

Transuranics in 1 ton Spent Fuel
U232+Co60

Natural Thorium

Date modified ¥

23102012, 13:31:19
10.09.2012, 19:14:17
29.08.2012, 11:35:47
09.08.2012, 19:19:07
09.08.2012, 14:28:47
28.06.2012, 19:19:14
26.06.2012, 13:58:55
22.05.2012, 16:35:01
02.04.2012, 14:07:29
02.04.2012, 14:06:35
29.03.2012, 14:51:09
10.05.2011, 13:33:12
06.05.2011, 13:32:54
14.03.2011, 16:22:45
06.01.2011, 17:03:59
08.04.2010, 15:50:06
10.03.2010, 14:31:18
10.03.2010, 13:50:08
10.03.2010, 13:36:26

@i ddd @O @
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Nuclide comm?mosition of
SRM 071 today

Decay Engine

Mixture Selector - SRM 071

Activity in Bg at creation time 5.03e+6 Bg
Options Tab — select Date

Decay Engine tab - date 1 July 1977, today
Start




{2 Mucleonica - Decay Engine - Windows Internet Explorer

—

=13

= |@‘ wiww, nucleonica, com

v|¢, » |x:’ |p

File Edit Wiew Favorites Tools Help

5_’:3 Favorites @ Mucleonica - Decay Engine

- B | e v Page~ Safety -+ Tools - @~

-

Logoed in 22 zzoti (Administrator)

Metwoding  Muclear Science  Search  Forum Caleulator  Privacy Legal Logout

nucleonnca‘.‘ ... web driven nuclear science

Applications Data Knowledoe ly Preferences Print ¢t Metworking «0 Muclear Science

Decay engine

Mizture

SRM 071 U isotopes separated 1. July 1977

i@ Help <0 New Browwser

“Wersion: 20121017 DE:52:345

SRM 071 U isotopes separated 1. July 1977 v Muslicle s&iEctar
Decay Engine | Options Miwture details
awestions, remarks, suggestions can be posted in the forum
Starting date /time Final date /time Time span

01.07.1977 12:00:00 ||| [23.10.2012 12:13:01 | |2 [5.3138 Years v

Type of graph:
|Activities V|

Starting quantity Final quantity Unit
503248 | [772 Becquaral v
Start | Reset |

Calculation details
Mumber of timesteps:
Accuracy Factor:
Distance (cm):

Mumber of linear chains:

il
1B-02
100

ey

Y

| £




@7-\:} @[] ritpijjwwn.ruclsonica.comiaoplicationFulDecay. spx

] [#2][ ] [O Live szarch

|28

File Edt View Favortes Tools Help

i Faverites | (& Nucleonica - Decay Engine |

M- B ] fmh - Page~ Safety~ Tooks - (@~

T DEcay engine

SRM 071 U isotopes separated 1. July 1977

A

Mixture
SRM 071 U isotopes separated 1. July 1977 Vl Muelide selectar
DecayEngine | Options | Decay Tres | Misture detals
Guestions, remarks, suggestions can be
Starting date /time Final date /time Time span .

01.07.1877 12:00.00| (]

Starting quantity

5.03E-+06
Start

[3.53E+01
Unit

Becquerel v

de Mixture |

Reset ‘

41 Paz34 m 1147 m 2.80E+08 9.73E-14 | 2ATE+06
90Th234 24.09d T42E412 2.88E-09 | 247E+0G
92 U238 48E9y 5.03E+23 1.99E+02  2.47E+06
92 U234 28E5y 2.73E+18 1.0BE-02 | 2 44E+06
90 Th231 1.06d 1.81E+10 6.79E-12 | 1.14E+0%
921235 TOE8Y 3.B5E+21 1.42E+00 | 1.14E+05
[F] 90 Th230 75E4y 272EH15 1.04E-06 | 7.93E+02
.| 91 Paz31 33E4y 1.2TE+14 4.87E-08 | B.50E+01

|~

Years v

details

Humber of timesteps:

Accuracy Factor

Distence (cm)

Mumber of linear chains:

1}

2.47E+06
2 44E+06
4.55€-08
1.14E+05
T93E+02
8.50E+01

2 47E+06

2.47E+06

1.09E-08

o

1.14E+05

—

8.40E-03
1.11E-01
1.20E-01
3.87E-05
5.35E-03
1.67E-04
6.04E-05

e s i “""“' |

IOIEUS O

678E-03
247E-03
23TE0S
4 55E-05
B.75E-04
243E-03
418E-08
6.62E-07

V| || X |)C Live Search

|2

fi-0 = &-

Page ~ Safety = Tools » @v

2.75E+15
2.75E+15
2.75E+15
272E+15
1.27E+14
1.2TE+14
4.42E+11
4.74E+10

o o o o

I

b Use field qualifier (")

Unselect all Muclides |

~

3

|~

y of 5.03E+06 Bgq SRM 071 U isotopes

—e— 32 U234
—e— 30 Th234

—e— 32 U235
—#— 91Pa234m —»— Total

—e— 30 ThZ31

separated 1. July 1977 during 3.53¢]

—e— 32 U238

Type of graph:
Activities

Time: 17 Gyears {19

mmmm-m-

971234 |2.44e+6 2.448+5 | 2.440+6
- 9201235 [1.14e+5 1.14e+5 | 1.14e+5
E 10 Bl 20Thz31  [1.14e+5 1.14e+5 | 1.14e+5
= Bl 92U238 2476 2.47e+6 | 2.47e+6
B (90Th234 | 2.47e+6 2.47e+6 | 2.47e+6
91 Pa234 m | 2.47e+6 2.47e+6 | 2.47e+6
0 | Total: 1.01e+7 1.01e+7 [ 1.01e+7

q0f B e e SRTRTY

0 5 10 15 20 25 30 35

t[Years]
nl
Q ili 3
[ ][ « r [

o

|

[ €




SRM 071

e Compute the gamma dose rate at the creation
time and today - distance 1 m

e Display gamma lines at the creation time and
today

e Dosimetry and Shielding application (no
shielding)




G-

W NUCIE0NICE, Com,

S[ér)[x] [2 2

T;'f Favorites | @Nuclennlca - Dosimetry and Shielding | |

& v B [ mm v Pager Safetyr Tooks - @

_w

Mizture
| SRMO71 Uisotopes separated 1. July 1977 v

Muclide selectar

dinclude daughters

Dosimetry and Shielding | Dose rate/Thickness graph | Options | Misture details |

A

Initial source strength

Activity(By) + | [5.03E+06

Shielding material

Fb v 0 om
|

Dose rate {pSu/h)

2. 45E-03

| Source/detector distance (cm) |

' 100 '

Gtart Reset

Half-Walue Shield Thickness{cm)
Tenth-alue Shield Thickness{cm)

Equivalent Dose Rate Constant M(mSw mGawh)

|l

v, nucleonica. com,

G- &

v|¢, x |th,

{? Favorites | @ Nucleonica - Dasimetry and Shilding | ‘

Bk
A v B [ = - Page~ Safety - Toos - (@

Mumber of lines {): 58 ZEP.4i 1.49E+05
MNumber of lines G4: 16 ZEP.G): 1.75E+04
Mumber of lines {y+x): 74 ZE.P.{total) 1.B6E+05
Download @ Excel (ICSY  Separator: | S8mMicolan ) | [¥]Use field qualifier ")
| Nuclide | Haffife | Activiy(8a) | Mass(g)  TissuevDoseRate (uSvi) > VExposure rate (uGym) |
G2 U235 T4 My 1.14E+05 1.42E+00 2.39E-03 2.10E-03
921234 245.5 ky 2.44E+08 1.06E-02 4.37E-05 4.18E-05
921238 4.468 Gy 24TE+DE 1.99E+02 2.27E-05 4.22E-05
8.00E-02 e e e e B N
2.00E-01 Cownload ®Excel OCBY Separator; | Semicolon "+ | (] Use field qualifier ()
4.88E-04 [ Show radiation details
SRM 071 U isotopes separated 1. July 18977: Gamma and X-rays spectrum
52 U235 mmmm 92 U234 mmmm 92 U238 |
402 B
g
B og® W
=
2
o
=
2
i BT 3 I S O O
£ : : : :
w : : : :
o R SR BT 11 4 A .......... EE T TR
msilH ! ‘ el o J 0 ; ;
0 200 300 400 500 600
Gamma Energy (keV)

|

| »

~

|




Include daughters
Cooling Time 35.7 y

{= Nucleonica - Dosimetry and Shielding - Windows Internet Explorer | : £y
P | o~

——

- |g. v, nucleonica. com "| *3 %

L
File Edit Yew Favorites Tools Help
& - B = gég * Page -~ Safety - Tools - @-

Ly

{3 Favorites @ Nucleonica - Dosimetry and Shielding

Dosimetry and Shielding
SRM 071 U isotopes separated 1. July 1977

hixture

|SRM 071 Uisotopes separated 1. July 1977 v| Muclide selector
"Cooling” time

[¥] nclude daughters |35.3 | | YYears V|

Dogimetry and 5 hislding | Dose rate/Thickness araph | Options | Misture details |

Initial source strength Shielding material Dose rate {pSv/h)

Activity(Bey) v | |5.03E+05 Fhb ~|| 0 om 777

| Sourceldetector distance (cm) |

: 100 :

B




Dosimetry and Shielding
SRM 071 U isotopes separated 1. July 1977

Mixture Nuclide selector

SRM 071 U isotopes separated 1July 1977 3]

“Cooling™ time

=) (V] Include daughters 327 Years : |<_

Dosimetry and Shielding l Dose rate/Thickness graph | Options | Misture details |

Initial source strength Shielding material Dose rate (uSv/h)

(Actiity(Ba) (=] [5.03E+06 P I _woen [ 7

u

Detector

Source

Source/detector distance (cm) |

100 h i

=y

Start | et




[0 p and

[~

I3

=Ts d ding [0 plo L]
SAT |ﬁ, v nUClEonica, com V| *3 || X |¥;, | -
‘f‘? Favorites | @Nucleonica - Dosimetry and Shiglding | | ﬁ * B | =y v Page r Safety - Tools - @Iv
88 Ra 226 1.600 ky A.92E+00 1.6ZE-10 A 58E-049 4 88E-09 2
8y Fr223 22.00m 4.61E-01 322E18 4 14E-049 3.96E-09
a9 An 227 21773y 3.34E+D1 1.25E-11 1.21E-04 1.31E-08
14 « i
& Excel OCEY Separator: Semicalon (" v | [JUse field qualifier (")
[ shovw radiation details
Mmtﬁd 1. July 1877: Gamma and X-rays after 35 Years ci
I 91 Pa 234 90 Th 231 52 U235 N 53 Bi214
90 Th 227 81 Pa 231 s 22 Pb214 mmmm 27 Fr223
N EE R 223 82 Pb 210 83 Bi2N 86 Rn 218 M
92 U234 80 Th 234 . 52 U238 80 Th 230 Gamma |Ines
I 22 Pb 211 N 28 Rs 225 89 Ac 227 I 91 Pa 234m .
81 Tl207 85 Rn 222 s 24 Po210 memm 24 Po 213 d
= o 51210 without daughters
eonica - Dosimetry and Shielding do erne plore [
w2 b (SR 9051 [2 [BF
i Favorites ‘ENU(\EUnlca'DDS\mEtW and Shielding | | - B (=) @@ - page- Safety- Tooks - @
E Number of lines (y) 58 ZEPAY 1.49E+05 -
E .10'3 I T Y Numberaﬂineg()() 16 ZE.P (X): 1.75E+04
-g Number of lines {y+X); 74 ZE.P (total). 1.BBE+D5
| =3
% Download ®Excel (JCSY  Separator [#]Use field quslifier (")
S .10-4 I | T A : - - , - :
2 92 U235 704 My 1.14E+04 1.42E+00 2.39E-03 210E-03
“EJ 92 11234 2495 ky 244E+06 1.06E-02 4.37E-09 4.18E-05
_1 0-5 EH L1 A Y I P N P | 1 [ PO e 921238 4.468 Gy 2 ATE+06 1.89E+02 227E-05 4.22E-05
Download | @Excel OCSY  gaparator | Semicolan () v [ Uss feld qualifier (')
5 N : I [[]show radistion details
10 L ; ;
SRM 071 U isotopes separated 1. July 1977: Gamma and X-rays spectrum|
0 500 1000 1500 2000 2500 3000 i
Gamma Energy (keV) ] ;
Shnw Granh Raftings | 10 _
- :
F 107 b
§104 _
i s s
10°% ‘ i :
105§\|| A ‘ I |‘ 1l ‘ .
0 100 200 300 400 500
‘Gamma Energy (keV)

[E3




= Nucleonica - Dosimetry and Shielding - Windows Internet Explorer

o ——,

e e |g, Wi, nucleonica, com Vl 5| X |,;'
Y:,? Favorites éNucleomca Dasimetry and Shislding & B | @= v Page~ Safety - Toos v (@~
II!!UEVUO!E
e R
91 Pa 234m 1001.02 2.04E-03 0.00E+00 0.00E+00 1.00E+00 3.07E-02 2.91E-03 2.64E-03
9210234 186714 B.44E-03 0.00E+00 0.00E+00 1.00E+00 2.89E-02 1.60E-03 1.39E-03
91 Pa 234m 766,358 T.81E-04 0.00E+00 0.00E+00 1.00E+00 319E-02 8.85E-04 817E-04
90 Th 234 632 9.06E-03 0.00E+00 0.00E+00 1.00E+00 313E-02 8.32E-04 7.98E-04
90 Th 234 9238 B.42E-03 0.00E+00 0.00E+00 1.00E+00 2.57E-02 T.07E-04 6.58E-04
90 Th 234 928 B.34E-03 0.00E+00 0.00E+00 1.00E+00 2.57E-02 7.02E-04 6.54E-04
90 Th 231 2564 1.65E-03 0.00E+00 0.00E+00 1.00E+00 2.63E-01 4.14E-04 117E-03
91 Pa 234m 742814 2.29E-04 0.00E+00 0.00E+00 1.00E+00 3.20E-02 2.82E-04 2.32E-04
921235 14376 1.23E-03 0.00E+00 0.00E+00 1.00E+00 2.73E-02 2.24E-04 1.94E-04
921235 20831 f.65E-04 0.00E+00 0.00E+00 1.00E+00 2.95E-02 1.59E-04 1.44E-04
91 Pa 234m 7BB.272 1.19E-04 0.00E+00 0.00E+00 1.00E+00 3.18E-02 1.38E-04 1.27E-04
9210234 163.36 5. 72E-04 0.00E+00 0.00E+00 1.00E+00 2.81E-02 1.21E-04 1.08E-04
91 Pa 234m 1737.8 5.19E-04 0.00E+00 0.00E+00 1.00E+00 2.69E-02 1.12E-04 1.06E-04
91 Pa 234m 98.438 8.41E-04 0.00E+00 0.00E+00 1.00E+00 2.55E-02 9.80E-05 9.18E-05
91 Pa 234m 18317 4.23E-048 0.00E+00 0.00E+00 1.00E+00 2.65E-02 9.51E-05 9.11E-04
90 Th 234 112.81 5.98E-04 0.00E+00 0.00E+00 1.00E+00 261E-02 8.15E-05 7.30E-04
90 Th 231 84.214 T.87E-04 0.00E+00 0.00E+00 1.00E+00 2.60E-02 7.B9E-05 710E-04
92 U 235 §3.35 6.G6E-04 0.00E+00 0.00E+00 1.00E+00 2.87E-02 T41E-08 6.91E-05
91 Pa 234m 25882 1.80E-04 0.00E+00 0.00E+00 1.00E+00 3.08E-02 B.B2E-05 5.79E-04
91 Pa 234m 151041 3.19E-04 0.00E+00 0.00E+00 1.00E+00 2.80E-02 B.26E-05 5.68E-05
91 Pa 234 946.002 4. 43E-04 0.00E+00 0.00E+00 1.00E+00 3.10E-02 B.01E-05 5.59E-04
91 Pa 234m 94 BG5S 5.21E-04 0.00E+00 0.00E+00 1.00E+00 2.57E-02 5.86E-05 547E-05
91 Pa 234m 1193.77 3.21E-048 0.00E+00 0.00E+00 1.00E+00 2.97E-02 5.27E-05 4.94E-05
91 Pa 234m 1868 2.25E-04 0.00E+00 0.00E+00 1.00E+00 2.63E-02 4.12E-05 4 94E-05
91 Pa 234m 1875.2 1.96E-04 0.00E+00 0.00E+00 1.00E+00 2.63E-02 4. 48E-05 4 32E-04 =
9210234 88.9453 4.09E-04 0.00E+00 0.00E+00 1.00E+00 2.58E-02 4.40E-05 4 .09E-04
91 Pa 234m 1765.8 2.00E-05 0.00E+00 0.00E+00 1.00E+00 2. 68E-02 4.39E-05 4 16E-05
91 Pa 234m 14354 2.27E-04 0.00E+00 0.00E+00 1.00E+00 2.84E-02 4.29E-05 4.02E-05
91 Pg 234 883237 317E-04 0.00E+00 0.00E+00 1.00E+00 3.13E-02 4.06E-05 3.74E-04
91 Pa 234m 922 3.03E-04 0.00E+00 0.00E+00 1.00E+00 311E-02 4.02E-05 3.72E-04
I T . ———— b —————————————————————— T ]
[ [« I o Tm ] v
| »
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Pa-234m is a daughter of U-238

Universal Muclide Chart
File Options Help

Element name Select Nuclide Chart Size

v | Reaction Path Colour

U 238 (=92, N=146):

halflife: 4.4TE+9 y

Abundance: 99.2742 %

burnout time: 1.61E+1y M B+ec

Hr Selected Nuclide Time Step © Normal Plot MinBR (%)  E(MeV)
CrossSections: No data! 2: Hn 1]

Decay Chain Simulator

200 Start & Compact... Th232 U235 u23s 1 0.5

SF
Most important gamma lines or x- 2 2 Ho z 121 123 125 127 129 13 133 135 137 139 14 143 145 147 149 N
rays:
v1 E(keV) = 13.409 EP = 0.073 Stablell 94 [ Alpha
V2 E(keV)=4.176 EP = 0.014 He

Daughters: M ec
SF(5.46E-5%) i T
a{09.99%, Th 234) P
2B(2.2E-10%, Pu 238)

SF
Ho
Stable

Pa 234 m: halflife: 1.17 min
B- (99.85% , U 234 )
IT (1.5E-1%, Pa 234 )
SF {1.0E-10% )
Gamma1 E(keV)= 1001 EP = 8.3E-3
Gammaz2 E(keV) = 14.09 EP = 8.3E-3




Gamma spectrum of SRM 071

Create the gamma spectrum of SRM 071 -
- after separation

- 35 years later

Compare those with Cambio File Converter




Gamma Spectrum Generator
without daughter products

e Start the Gamma Spectrum Generator application
e Total activity 5.026e+6 Bqg

e Detector HPGe 50 %

e Measurement time 1 h

e Start




Gamma Spectrum Generator
SRM 071 U isotopes separated 1. July 1977

Actual chart: Karlsruhe

Muclide Mxtures: /

|SRM 071 U isotopes separated 1. EI Nuclide Selector

Total activity: Reference point:
|Bequere| |Z| 5.026e+006 |Measurement start |Z|

Meazurement setup ] Calculation results | Options |

Getting start
Reference mam

(Questions, remarks, suggestio
can be posted in the foru

Measurementtime:  hour :l 1 Start

Current configuration: |HPGe, coaxial, ptype. rel. eff. 150% (default) /

Dimensions in

Filter

»
Y

Source to Detector distance Crystal length

82.0

Crystal
diarmeter

diameter

Contact length

[} Show more settings



{= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer,

@'\'_ i |E vt ncleonica, com V| || X |;f | B~
57 Favatites (& Nucleorica - Gamma Spectrum Generatar G- B | = v Page~ Safety - Tooks - (@~
-
: | Statistical number of counts | |) WiewiSave results in Text format or as 1AEA-SPE spectrum.
/
Fdmma-Spectrum Simulated for HPGe (rel. eff. 140.9%)
B T———————————
5[] _-_
w 0T
@ ]
(]
g ]
= 30 +
= ]
- -
= -
© 20+
101 i’ : : : : ;
U_*-L'|'I----I--i----i---l----l--l----i
0 1000 2000 3000 4000 5000 6000 7000 8000
Channel number
Update spectrum graph | /
Displ@: [ Energy scale) [ Spectrum continuum [ Contribution of extemnal scattering < [] More graph nptiuns>
H-axis settings: Y-axis settings:
Scale Tick steps Scale Tick steps
[ auto [#] Auto [+] fita [#] Loy [#] Auto
Minimum Major step I:I Minimum Majar step I:I =
Maxim 1‘1DDD . Substeps Mo Maximuml:| Substeps Mo
Grid lines Ticks Grid lines Ticks
M major [ Minor Min Moot [FlLabels COmajor T Minar Min [Flout [FlLabels
%
< >




/= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer

Ay, Mucleonica, com

@ﬂ' &)

‘i:? Favorites E Mucleanica - Gamma Speckrum Generator

- -8

= gég * Page » Safety = Tools - I@Iv

Diata displayed: |Stat|st|cal nurber of counts  +

ViewfSave results in Tesxt format or a

Mumber of counts
=

Gamma-Spectrum Simulated for HPGe (rel. eff. 140.9%) S
|_ Full 5pec’crum | / ave

I
300 400

0 100

Gamma-ray energy, kel
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35 years later - with daughters

Options tab

Consider decay transformations

Mixture creation
Cooling time 35 year
Measurement setup
Start

(.: Nucleonica - Gamma Spectrum Generator, - Windows Internet Explorer

3 +. )
Lo A d \g, wiany, nucleonica,com V| || A |; | £
7 Favorites & Mutleorica - Gamma Spectrum Generator ﬁ - B Y p= v Page~ Safety - Tools - @'
Muclide Mixtures:
‘SRM 071 Ulisotopes separated 1. % | huclide Selectar
Total activity: Ce point: "Cooling" time:
Bequerel ¥ ixture creation year v
Measuement setup | Calculation results I Optians
Gamma Spectrum Generator Settings
play detector efficiency curves
CondWer decay transformations during cooling and counting time intervals
clude gamma-rays of daughter nuclides
Decay Engine's accuracy factar
[ Consider effects of external scattering (e.9. backiforward scattering)
ersion 3.0.23.0001 Copyright @ 2007-2012, developed under a Loense of the European Aomic Energy Community . Ml rights reserred.
< | ?

~

v




= Nucleonica - Gamma Spectrum Generator - Windows Internet Explorer

@.\-_ g |§, v, riucleonica, com "| *+|| X |)’
'j_':;f Favorites @Nucleonica - Gamma Spectrum Generator & )
Measurement setup Calculation results | Optiong
Data displayed: | Statistical number of counts | WiewiSave results in Text format oy

Gamma-Spectrum Simulated for HPGe (rel. eff. 140.9%)

Number of counts
=

10° . SR
102 ]|“ ; ‘ ; | i‘ll ‘ ."'. | ' ' ' '
1000 1500 2000
Gamma-ray energy, keV
Display: [¥Energy scale [ Spectrum continuurm [ Contribution of external scattering [“Itore graph optians
H-axis settings: Y-axis settings:
Scale Tick steps Scale Tick steps
Auto Auto Auto Loy Auto
[ r— e o | — o s

< | »
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Compare with Cambio File Converter

e Compare spectra with Cambio Module
e Upload both
e Go to the Spectrum Tab

ﬂ; Nucleonica - Cambio file Converter, - Windows Internet Explorer

= ‘
@ ' - |g, wiw, nucleonica.com V‘ 4| X | -
{CE Favarites '_r,éNuc\eonica - Cambio File Cormerter & - B = Eéé v Page - 3Safety v Tools ~ @'
TETPUPETTES - a
Convert a file | Spectum | Spechial Data | Sample Spectra | Popularformats | Diagnostics | About Cambio |
Step 1 Step 2 Step 3 Step 4 Step 5
Plesse select a file to be converted Please wpload the Choose the format to Convett the file Doveenload the
selected file convett to (instrument £ using Carmbio converted file
31 party software)
| Browse.. |
Upload Convert Download
"
>

iA



/= Nucleonica - Cambio file Converter - Windows Internet Explorer,

@'{_}‘ L 4 |E. wiww, nuCleanica, com V| *2|| K |}f’ ‘ R
'E:?FEVUH'ZES |'_f§Nuc|eu:unica-Caml:uiu:u File: Comverter | | & ~ B | E%-J v Page - Safety ~ Tools ~ '@'
o ”
Convert a file I Spectum Spectral Data | Sample Spectra | Popular formats | Diagnostics | About Cambio | B
[V]Mat_1_no_caaling.spe Spectrum from Nat_U no_cooling measured: 06/28/2012 02:16:02 (UTC)
Na‘t_Ll_SS_YEﬁrS_CDDIing.SpE [—— Mai_U_35_years_cooling Nat_U_no_cooling |
Update 10° k-
Delete All s [
20
X
2 10°
I
5
3 10°
10"
' e AR Y e LRI L
0 500 1000 1500 2000
Gamma-ray energy, keV
p I ) 4
4
Spectral data at cursar position Gamra Lines near cursar (from standard.lib, 580 lines)
1000650 3335 1.78340e+4 AC228 B B13h 96897 1.742E01
996 450 3334 0.00000e+0 Faz3d4 |B- 117 m | 700099 6.518E-01
Show Graph Settings w
< 3




Working with Reference Materials

Nuclide Mixtures — Create the SRM mixture

Decay Engine — Nuclide composition today (or
any other date)

Decay Engine — Activity at creation time and
today or any other date

Dosimetry & Shielding — dose rate, gamma lines
at creation time and today

GSG - Gamma spectra at creation time and
today

Cambio File Converter to compare




Nuclide Identification based on
Gamma Lines

To solve:

Given a Gamma Spectrum. Which nuclides were the gamma
sources?

We work with "Peak Identification". |

o
Select a peak -> Find a nuclide! *

mmmmm m

Counts pe

SRS




WESPA - WEDb based SPectrum Analyser

Upload a Gamma Spectrum (or select a Sample Spectrum to analyse)

European
Commission

Counts per keV

chart by amCharts.com
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Measurement Setup

Select the type of detector (because of the resolution)

Step 1 - Upload zpectmm | Step 2 - Measurement setup

Detector type: | HPGe rel eff 50% E

Dimensions in

3
Crystal
cm
____________________ - Crystal
diareter
¥
250 cm =
Source to Detector distance Crystal length | s

Feak analysis
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Peak Analysis

Select a gamma library to reduce the potential gamma lines

Step 1 - Upload spectrum

Step 3 - Peak analysiz

1000000

100000

10000

1000

100

Counts per kelf

10

chart by amCharts.com

VAT

Spectrum

e

I I T I I I I I I I T T I I T T T T I I T
100 200 300 400 500 800 700 200 S00 1000 1100 1200 1300 1400 1500 1800 1700 1300 1500 2000 2100 2200

. Original spectrum

Gamma-ray energy, kel/

. ldentified nuclide / mixture . Current nuclide spectrum

Gamma libraries

") calibration_sources.lib 6 nuclides, 10 lines
() fission_products.lib 49 nuclides, 393 lines
1 medical.lib 10 nuclides, 65 lines

1 natural.lib 18 nuclides, 272 lines

@ standard.lib 89 nuclides, 825 lines

) user defined library

please select a library

[¥] Logarithmic scale

Next:

|dentify nuclides

based on selected gamma library




List the peaks
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chart by amCharts.com Gamma libraries
Spectrum
§ § i § (1 calibration_sources.lib 6 nuclides, 10 lines
1000000 4 4 A . - . ) '
s A A 4+ A () fission_products.lib 49 nuclides, 393 lines
r
h h = medical.lib 10 nuclides, 65 lines
100000 (L4
~ |  natural.lib 18 nuclides, 272 lines
__u“—- — -
i — 4 @ standard.lib 89 nuclides, 825 lines
10000 j
= . .
T ’f“\ ) user defined library
8 1000 please select a library
o ), =
]
2 |
3 1004 | e
10
[¥] Logarithmic scale
T T T T T 1 T T T T 1 T T 1 T 1 T T 1 T
100 200 300 400 500 600 70O 80O 500 1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000 2100 2200 Next
ext:
Gamma-ray energy, keV ldentify nuclides
. Original spectrum . ldentified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak
60.72 238 3144298 2381839
T73.96 238 3331389 834541
76.12 297 3.306457 177665.4
85.91 336 4067295 1415491
§9.18 349 3322234 2438879
12314 433 3.403779 30960971
137.53 540 3.465513 3gev21.2
166.87 656 3601353 2355271
255.97 1009 3918725 2876473
3127 1228 4.013463 11945.63
320,79 1265 4173059 2346841
39227 1548 4420821 6499964
514.19 2031 4. 769767 3922073
G61.44 2614 5.320642 8729165
§13.46 3218 §.003052 54249.25
807.26 3547 5.056009 4886539
1171.86 4634 6.797767 6703797
132317 5233 10.08933 T7307.81
1330.79 5264 7.18539 6076155
1458.84 5771 7.914573 2288.066
1833.11 7252 §.387251 2993261

&

& Internet | Protected Mode: On
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chart by amCharts.com ? Gamma libraries
Spectrum
: : i A : : : : (© calibration_sources.
1000000 H - . "
ﬁ“ A A A A T A () fission_products.lib
-~
r ) medical.lib 10 nuclid
100000 JL 4 -
| ) natural.lib 18 nuclidg
—~1_ | |
10000 - — *\—__--\WLJ © standard.lib 89 nucli
= - -
T _,--\ ) user defined library
E 1000 lease select ali
g U P
[
8 100 4 I I | I I I I I I I I I I I S |
10
[¥] Logarithmic scale
T T T T T 1 T T T T 1 T T 1 T 1 T T 1 T
100 200 300 400 500 600 70O 200 9S00 1000 1100 1200 1300 1400 1500 1600 1700 1200 1900 2000 2100 2200 Next
ext:
Gamma-ray energy, kel Identify nuclides
. Original spectrum . Identified nuclide / mixture . Current nuclide spectrum based on selected gamm
Select a peak Select a nuclide
60.72 236 3144296 2381839 Biz14 1155.19
7396 288 3.331389 834541 Pb197 1156.09 H .
7612 297 3.306467 177665.4 Cs134 1167.92 Pote ntl al I I I IXtu re
85.91 336 4.067295 1415491 1132 117289 .
8918 348 3322234 2438879 Co B0 1173.23 d d t
12314 483 3.403779 3096091 Pa234m 1193.77 Can I a es
137.53 540 3.465513 3B8721.2 Mo selection
166.87 656 3601353 2355271
25597 1009 3918725 2876473
nzy 1228 4.013463 11945.63
32079 1265 4173059 2346841
392.27 1548 4429521 5499964
514.19 2031 4769767 3922073
661.44 2614 5320642 8729165
813.46 3216 6.003052 5424925
897.26 3547 6.056009 4886539
1171.86 4634 B.797767 6703797
132317 5233 10.08933 7730781
133079 5264 7.18539 6076155
1458.84 5771 7.914573 2288.066
183311 7252 8.387251 2993261




Select a nuclide
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hart by Charts. o .
Fhart by amenars.com Gamma libraries
Spectrum
: & = : © calibration_sources.li
1000000 - - . .
s A A A 3 A () fission_products.lib 4
r
. Y ) medical.lib 10 nuclide
100000 .4 - i
M| ) natural.lib 18 nuclides
S 10000 3 1 @ standard.lib 89 nuclidg
K ./\\ () user defined library
s
& 1000 lease select a libr
5 ., P
€
S 100 ] | S
10
[¥] Logarithmic scale
T T T T 1 T T T U T T 1 T 1 T T 1 T
100 200 300 400 500 S00 700 8200 S00 1000 1100 1200 1300 1400 1500 1800 1700 1300 1500 2000 2100 2200 Next
ext:
Gamma-ray energy, ke |dentify nuclides
. Criginal spectrum . Identified nuclide / mixture . Current nuclide spectrum based on selected gamma
Select a peak Select a nuclide
60.72 236 3144206 2381839 Bi214 1165.19
73.96 288 3331389 834541 Pb197 1156.09
7612 297 3.306467 177665.4 Cs134 1167.92
85.91 336 4067295 1415491 1132 1172.9
89.18 349 3322234 2438879 Co &0 1173.23
12314 4583 3403779 3096081 Faz23i4m 1193.77
13753 540 3.465513 3geva1z Mo selection
166.87 656 3601353 2355271
255.97 1009 3.918725 287647.3 Add nuclide to ldentified mixture
327 1228 4013463 11945.63
32079 1265 4173059 2346841
30227 1548 4429821 5499964
51419 2031 4 TH9TET 3922073
661.44 2614 5.320642 8729165
81345 3216 5.003052 54249 25
897 26 3547 G.056009 4556539
1171.86 4634 6.797767 6703797
132317 5233 10.09933 TT307.81
133079 5264 7.18538 6076155
145884 5771 7.914573 22588.066
1833.11 7252 8.387251 2993261

The green curve is the
potential fit!

In this case this fit is
Not really good

we can find something
better.



Find the best fit

cha 'y ami-hars.com
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Gamma libraries

Spectrum
: : : . : : ) calibration_sources.lib 6 nuclides, 10 lines
1000000 - 4 4 4 e ; . ; )
o ) A LS » 4 ) fission_products.lib 49 nuclides, 393 lines
r
h ) medical.lib 10 nuclides, 65 lines
100000 -] (& _ ) "
I © natural.lib 18 nuclides, 272 lines
10000 — @ standard.lib 89 nuclides, 825 lines
= \ - .
E ____‘L_/“\ ) user defined library
& 1000 lease select a library
e U P 1
E
8 100 S
10
[¥] Logarithmic scale
T T T 1 T 1 T T T T 1 T T 1 T 1 T U T
100 200 300 400 500 600 700 300 S00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1500 2000 2100 2200 Next
ext
Gamma-ray energy, keV/ Identify nuclides
. Original spectrum . Identified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
60.72 236 3.144296 2381839 Bi214 1155.19
73.96 288 3.331389 834541 Pp197 1156.09 A(
76.12 297 3.306467 177665.4 Cs134 1167.92
85.91 336 4.067295 1415491 1132 1172.9 th
89.18 349 3322234 2438879 Co60 1173.23
12314 483 3.403779 3096091 Paz3d4m 119377
137.53 540 3.465513 388721.2 Mo selection
166.87 656 3.601353 2355271
255.97 1009 3.918725 287647.3 Add nuclide to Identified mixture
a2z 1228 4.013463 11945.63
32079 1265 4173059 2346841
392.27 1548 4429821 6499964
51419 2031 4769767 3022073
661.44 2614 5.320642 8729165
81346 3218 6.003052 54249.25
897.26 3547 6.056009 4886539
1171.86 4634 6.797767 6703797
132317 5233 10.09933 77307.81
1330.79 5264 7.18539 6076155
1458.84 5771 7.914573 2288.066
1833.11 7252 8.387251 2993261

ld the nuclide to
e mixture!
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The cumulative fit - colour Magenta

chart by amCharts.com

Gamma libraries

Spectrum
: : : i : () calibration_sources.lib 6 nuclides, 10 lines
1000000 -] 4 4 y ] ; )
,a A 4 2 I A () fission_products.lib 49 nuclides, 393 lines
r s
i b ) medical.lib 10 nuclides, 65 lines
100000 - ERE
iy et Y © natural.lib 18 nuclides, 272 lines
10000 *-—-‘“\._JL_JH @ standard.lib 89 nuclides, 825 lines
= L
2 4 ) user defined library
E 1000 please select a library
8 100 I L——«_—A.,—-\. I
10 4
[¥] Logarithmic scale
T T T T T 1 T T T T T T T T T 1 T T T T
100 200 300 400 500 600 700 800 S00 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100 2200 Next
ext:
Gamma-ray energy, keV/ Identify nuclides
. Original spectrum . ldentified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
60.72 236 31442096 2381839 Bi214 115519
73.96 288 3.331389 834541 Pp197 1156.09
7612 297 3.306467 177665.4 Cs134 1167.92
85.91 336 4.067295 1415491 1132 1172.9
89.18 349 3322234 2438879 Co 60 1173.23
12314 483 3403779 3096091 Pa23dm 119377
137.53 540 3.465513 3887212 Mo selection
166.87 656 3.601353 2355271
255.97 1009 3.918725 287647.3
31127 1228 4.013463 1194563
32079 1265 4173059 2346841
39227 1548 4429521 6409964
514.19 203 4769767 3922073
661.44 2614 5320642 8729165
813.46 3216 G.003052 5424925
89726 3547 6.056009 4886539
1171.86 4634 6.797767 6703797 Co 60
132317 5233 10.09933 77307.81
1330.79 5264 718539 6076155
1455.84 5771 7.914573 2288.066
183311 7252 8.387251 2993261

Go to the next peak!
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Next candidate nuclide — green curve

hart by amCharts, P
char By amharis.com Gamma libraries
Spectrum
) calibration_sources.lib 6 nuclides, 10 lines
1000000 A 4 e ’ )
b4 rs 4 (© fission_products.lib 49 nuclides, 393 lines
i Y h ) medical.lib 10 nuclides, 65 lines
100000 L) _ ) )
A ) natural.lib 18 nuclides, 272 lines
., 10000 | @ standard.lib 39 nuclides, 825 lines
& ) user defined library
g 1000 please select a library
@
t
g o - I
- Check the overall fit
N
104
[¥] Logarithmic scale
T T 1 T T T T T — 1 T T T T T T T T T 1
100 200 300 400 500 600 700 800 00 1000 1100 1200 1300 1400 1500 1600 1700 1300 1900 2000 2100 2200 Next . . .
lext:
Find a nuclide that fits well
. Original spectrum . Identified nuclide § micture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
50.72 236 3144296 2381839 Pa234m 1809.3 1Fa H
o Add to the Identified mixture
7612 297 3.308467 177665.4 Pa234m 18317
85.91 336 4.067295 141549.1 Y a8 1836.05
89.18 349 3322234 2438879 Bi214 1838.4)
123.14 483 3.403779 3096091 Bi214 1847 .4
13753 540 3465513 3887212 Pb197 1854.04
166.87 656 3.601353 2355271 Pa234m 1868
25607 1009 3918725 2876473 Mo selection
327 1228 4.013463 11945.63
32079 1265 4.173059 2346841 Add nuclide to ldentified mixture
39227 1548 4.429821 6499964
514.19 2031 4769767 3922073
B61.44 2614 5320642 8729165
81346 3216 6.003052 5424925
897.26 3547 6.055009 4886539
1171.86 4634 B6.797767 6703797 Co60
132317 5233 10.09933 7730781
133079 5264 7.18539 6076155
1458.84 5771 7.914573 2288.066
1833.11 7252 8.387251 2993261
& & Internet | Protected Mode: On




...and so on...
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chart by amCharts.com Gamma libraries
Spectrum
§ § § § ) calibration_sources.lib 6 nuclides, 10 lines
1000000 £ A A I P . ) .
\m‘“n A » LS L () fission_products.lib 49 nuclides, 393 lines
rs
r ) medical.lib 10 nuclides, 65 lines
100000 | Jl_._J‘ - ) )
e ) natural.lib 18 nuclides, 272 lines
| — .
10000 | "“-—JL'JL';-\‘ @ standard.lib 89 nuclides, 825 lines
= L . .
K] ) user defined library
=
2 1000 please select a library
13
E L\—‘—-
2
8 100 4 I |
10
[¥] Logarithmic scale
T T 1 T T 1 T T T T 1 T 1 T T T T T T
100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 Next
ext:
Gamma-ray energy, kel Identify nuclides
. Original spectrum . ldentified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
60.72 236 3.144296 2381839 Pa234m 18093
73.98 288 3.331389 834541 Pb194 1810.4
76.12 297 3.306467 1776654 Pa234m 18317
85.91 336 4.067295 1415491 Y 88 1836.05
89.18 348 3322234 2438879 Biz14 1838.4
123.14 483 3.403779 3096091 Biz14 1847.4
137.53 540 3.465513 3ggvatz Pb197 1854.04
166.87 656 3.601353 2355271 Fa234m 1868
255.97 1008 3.918725 287647.3 Mo selection
31127 1228 4.013463 11945.63
320.79 1265 4173059 2346841
302.27 1548 4.429821 5409964
514.19 2031 4769767 3922073
G61.44 2614 5.320642 8729165
813.48 3216 5.003052 5424925
§97.26 3547 5.056009 4886539
1171.88 4634 6.797767 6703797 Co G0
132317 5233 10.09933 77307.81
133079 5264 7.18539 BO076155
1458.84 5771 7.914573 2288.066
1833.11 7252 8.387251 2993261 Y 88




Exercise

Analyse the

* Application Centre
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Mass Activity Calculatar
New: Mass Activity Converter
Decay Engine

New: Decay Engine++
Dosimetry & Shielding
Range & Stopping Power

webKORIGEN
Decay Engine for Large Muclide Sets

Universal Muclide Chart

New: e-3hip: radiological transport assistant
Muclide mixtures

Mucleanica Scripting

Gamma Spectrum Generator

Gamma Spectrum Generator Pro

Virtual Cloud Chamber

Cambio file Converter

WESPA

New: WESPA?  <«—

Gamma Library

webGraph
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Step 1 - Upload spectum

Sample-6 spectrum in WESPA2 module.

Counts per keV

10000

=
]
L

100

chart by amCharts.com

Spectrum

T 1 1 1 T 11 T 1T 1 1 T 1 T UL
100 200 300 400 500 600 700 SO0 900 100011001200130014001500160017001500 1500200021002200 2300

‘Gamma-ray energy, keV

Sample spectra

) sample-1_Co60_Nal3x3.spe

(@ sample-2_Cs137_Nal3x3.spe

© sample-3_[131_Cs137_Nal3x3.spe
) sample<4_Ba133_HPGe.spe

) sample-5_Eu152_HPGe spe

@ sample-6.spe

© upload spectrum

Logarithmic scale

Next:

Measurement Setup
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Gamma libraries

Spectrum
. ) () calibration_sources.lib 6 nuclides, 10 lines
A
10000 4 & L » () fission_products.lib 49 nuclides, 393 lines
i ) medical.lib 10 nuclides, 65 lines
A L3 = natural.lib 18 nuclides, 272 lines
tooo 2 @ standard.lib 89 nuclides, 825 lines
=
] L k ) user defined libra
f MWW'\_I,J Iv""'_,! - w
B 100 4 please select a library
E
=1
]
O
10 4
[¥] Logarithmic scale
T 1 T T 1 T r— 11 11 1 1 1T 1T 1 1 T T 1
100 200 300 400 500 600 700 &00 900 1000 1100 1200 1300 1400 1500 1600 1700 1300 1900 2000 2100 2200 2300 Next
ext:
Gamma-ray energy, keV Identify nuclides
. Original spectrum . Identified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
32.03 106 2676857 903.6152 Braz 1317.48
36.39 121 1.994588 5771438 Sb124 1325.51
59.54 198 2319897 30951.76 Co 60 1332.49
510.96 1703 7.799284 132059 Sb124 1355.11
563.22 1877 438283 1558.769 Mo selection
569.33 1897 4364946 2826.421
604.69 2015 4.489281 1727272 dd nuclide to Ide
661.65 2205 4618011 96165.3
795.84 2653 5.003412 12459.56
801.91 2674 5.03609 129772
117322 3910 5700864 98992.53
127454 4248 5943134 5201.409
1332.49 4441 6.01241 90649.08 Co 60
1460.87 4869 6.707465 558.7351
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chart by amCharts.com

Gamma libraries

Spectrum
; i ; () calibration_sources.lib 6 nuclides, 10 lines
&
100004 & 4 ~ () fission_products.lib 49 nuclides, 393 lines
i =) medical.lib 10 nuclides, 65 lines
A ) natural.lib 18 nuclides, 272 lines
1000 X A @ standard.lib 89 nuclides, 825 lines
= A _ .
L 4+ | J'- ) user defined library
g 100 4 L please select a library
2 A
g
=
5]
o
10 4
[¥] Logarithmic scale
— 1 T 1 1 T T r 11 T T T 1 1 T’ I T T 1
100 200 300 400 500 &S00 700 &00 S00 1000 11001200 1300 1400 1500 1600 1700 1300 1500 2000 2100 2200 2300 Next
ext:
Gamma-ray energy, ke Identify nuclides
. Original spectrum . ldentified nuclide / mixture . Current nuclide spectrum based on selected gamma library
Select a peak Select a nuclide
3203 106 2676857 903.6152 1132 780
36.39 121 1.994588 5771438 PB199 78148
59.54 198 2.319897 30951.76 Ama241 Ac228 782
510.96 1703 7.799284 13205.9 PazZ34m T82.9
5§3.22 1877 438283 1558.769 Y 50 78329
569.33 1897 4.364946 2826421 sb127 7837
604.69 2015 4.439281 1727272 1132 T84.4
661.65 2205 4.618011 96165.3 Bal13Tm Bi214 Ta6.1
79584 2653 5003412 1245956 Cs134 PaZ34m 78627
20191 2674 5.03609 1297.72 PB202m 787
1173.22 3810 5709864 98992.53 Sb124 T90.73
1274.54 4248 5.948134 5201.400 Ma22 Po194 794.85
133249 4441 6.01241 90649.08 Co B0 Ac228 795.07
1460.87 4869 6.707465 5587351 K 40 Cs5134 79584
Faz234 T96.7
Coo424 Q04 0%
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